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Vehicle  Dynamics  Model 
Substitution 
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The  advent  of  validated  3D  multi¬ 
body  dynamics  modeling  tools  has 
resolved  some  vehicle  dynamic 
model  limitations,  but  mobility  metrics 
should  be  expanded  to  match  the 
modeling  capabilities 
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Vehicle  Performance  Modeling 
in  Soft  Soil 
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Application  of  Bekker-Wong-Janosi  models  through  height  field 
discretization  of  terrain  and  recent  developments  in  DEM  are  two 
leading  candidates  for  higher  fidelity  soft  soil  modeling. 
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Indicate  Turning  Results 


Notional  Data 


Notional  Data 


Graphic  depicts  Go  /  NoGo  roads  and  turning  combinations  for  the  example  vehicle  with  add-on  armor  applied 

AMSAA  modeling  methodology  evaluates  the  vehicle’s  physical  dimensions  and  turning  capability  on  As  performance  in 
operational  environments 

Product  delivered  to  operational  commander  to  inform  mission  planning 


AMSAA  Urban  Maneuverability  Model  (UMM)  is  already 
extending  mobility  analysis  to  urban  environments 
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Category 

Sub-category 

Near-Term  Priorities  for  NG-NRMM 

Far-Term  Priorities  for  NG-NRMM 

New  System 
Capabilities 

Vehicle  Type 

Wheeled,  tracked,  autonomous 

Legged,  autonomous 

Vehicle  Scale 

Conventional  manned  vehicles 

Lighter  and  smaller  vehicles 

Terrain  Scale 

Regional,  varied  resolutions 

Global,  varied  resolutions 

Suspension  Types 

Passive,  semi-active,  active 

Active 

Control  Types 

Driver,  ABS,  TCS,  ESC,  ABM,  CTIS,  autonomy 

Autonomy 

New 

Sub-systems 

Steering,  powertrain,  autonomy 

Autonomy,  human  cognition 

Modeling 

Capabilities 

Model  Features 

3D  Physics  based  running  gear  scale  deformable 
terrain  models  (e.g.  Bekker/Wong,  others) 
Multibody/flexible  body  vehicle  models 

Detailed  tire  and  track  models 

Deformable,  dynamic  terrain  (e.g.,  FEM, 
discrete  elements) 

Stochastic  models 

User  Type 

Analyst/Expert 

Operational  Planner 

Environment  Types 

On-road,  off-road,  urban  rubble,  soil,  snow/ice 

Urban  (all) 

New 

Analysis 

Capabilities 

Powertrain 

Performance 

Grading,  turning,  fuel  economy 

Cooling 

Amphibious 

Operations 

Fording,  swimming 

Computations 

Computational  Efficiency  -  fidelity  trade  off 

High  fidelity  and  high  performance 

New  Output 

Assessment  Types 

Performance  in  operational  context 

Capabilities 

Metric  Considerations 

M&S  Accreditable  mobility  metrics 

A  thorough  process  of  requirements  development  resulted  in  a  focused 
set  of  development  goals  partitioned  in  two  phases 
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•  "Open  architecture"  refers  to  an  enduring  realization  of  NG-NRMM 
that  is  implemented  at  a  higher  level  of  abstraction  that: 

-  includes  all  current  validated  legacy  models  and  input  data, 

-  non-preferentially  allows  a  variety  of  implementation  environments 

-  promotes  future  innovation  across  all  required  gap  areas. 

•  Implemented  thru  NATO  Operational  Reference  Mobility  Modeling 
Standards  (NORMMS): 

-  applicable  to  the  full  range  of  ground  vehicle  geometric  scales 

-  promoting  modeling  software  standardization,  integration,  modular 
interoperability,  portability,  and  expansion, 

-  include  verification  and  validation  benchmarks  of  vehicle-terrain 
interaction  models  at  multiple  levels  of  theoretical  and  numerical 
resolution 


—  for  use  in  vehicle  design,  acquisition  and  operational  mobility  planning 

An  open  architecture  was  established  as  foundational  goal,  using  formal 
mobility  modeling  standards  as  the  primary  mechanism  for  implementation 
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A  Methodology:  Use  standards  to 
leverage  COTS  simulation  tools 
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Visualization  and  analysis  of  multiple  vehicle  outputs  using  ArcGIS  (COTS)  software. 


Complex  heterogeneous 
terrain  simulations 


GO/NOGO  Results 
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By  establishing  formal  NATO  mobility  modeling  standards,  NG-NRMM 
will  leverage  the  latest  commercial  modeling  tools  and  data  sets 
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The  two  phased  development  process  proposes  to  establish  threshold  NG-NRMM 
standards  within  3  years  and  set  long  term  goals  for  mobility  research  and  development 
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NG-NRMM  standards  will  recognize  end-user  requirements  by  remaining  flexible  with 
respect  to  mobility  metric  definitions,  data  levels  of  resolution  and  M&S  availability 
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•  Decompose  current  NRMM  Operational  module  data  sets 
and  algorithms 

•  Develop  speed  made  good  and  GO/NOGO  standard 
definitions  with  expected  simulation  based  input  data 

•  Translate  to  written  standards  and  benchmarks 

•  Identify  durable  implementation  environments  such  as  a  high 
level  flexible  scripting  language  like  Python 


NG-NRMM  standards  will  leverage  the  legacy  data  and  algorithms,  but  use  open 
architecture  environments  to  promote  inclusive  and  evolutionary  future  capability  growth 
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Leveraging  Stochastic 
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NG-NRMM  standards  will  leverage  the  state  of  the  art  tools  for  stochastic 
methods  in  geospatial  modeling  and  simulation 


27  June  2016 


UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  public  release;  distribution  is  unlimited. (#27992) 


GVSETS 


$ 


Intelligent  Vehicles 


I* 

V 

MODELING  rno  SIMULATION,  TESTING  rno  VALIDATION 


•  At  an  M&S  architectural  level,  vehicle  intelligence  (VI)  can  be 
viewed  as  a  broader  more  intensive  form  of  embedded 
automatic  control  systems  such  as  anti-lock  brakes,  traction 
control,  controlled  suspension  systems,  etc. 

•  VI  is  an  essential  element  of  NG-NRMM  from  two  perspectives: 

•  tailored  VI  related  mobility  metrics 

•  embedded  validated  NG-NRMM  models  into  VI  algorithms 


NG-NRMM  standards  will  encompass  the  broader  definitions  of  terrain  and  vehicle 
morphologies  that  are  characteristic  of  intelligent  vehicle  applications 
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Intelligent  Vehicles: 
Requirements 


All  ground  vehicle  morphologies 
urban  and  building  interior  environments 
multiple  levels  of  model  resolution 
stochastic  modeling  and  learning  VI  algorithms 
hierarchical  and  skill-based  sliding  scale  of  autonomy 
VI  related  mobility  metrics,  for  example: 

•  Look  ahead  speed  limit: 

•  Generalized  customizable  ride  quality 

•  Speed  through  an  offset  corridor 

•  Soft  soil  limit  sensing  performance 
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'  Tool  Choices:  Trade  Study  of 

Simulation  SW  Capabilities  modeunghkd simulhtion. tesung mo vnLmnnoN 

MOE 

MOP 

MOE 

Weight 

MOP  Composite 

Weight 

Physics  based 

16.7% 

Accuracy  / 

Validation  through  measurement 

37.5% 

12.5% 

Robustness 

Supports  time  and  frequency 
domain  analysis 

8.3% 

Template  based 

8.3% 

Flexibility 

Wheeled  or  tracked  vehicles 

37.5% 

20.8% 

Automotive  Subsystems 

8.3% 

License 

5.6% 

Cost,  Maintenance, 

and  Run  Time 

Run  Time 

12.5% 

2.8% 

Training 

4.2% 

NATO  Specific 
Applications 


Supports  unique  terrain  or  mission 
definition 

Worldwide  tool  availability  to 
approved  sources 
Worldwide  tool  support 


12.5% 


100.0% 


6.9% 

2.8% 

2.8% 

100% 
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•  The  detailed  scores  revealed  that 

-  Accuracy  for  vehicle  system  performance  is  the  biggest 
shortfall  of  the  current  NRMM  when  compared  to  other  M&S 
sources. 

-  Validated  physics-based  methods  are  a  recognized 
improvement  over  the  current  empirical  methods  for 
simulating  vehicle  and  suspension  designs. 

-  Industry  wide  shortfall  with  tire  dynamics  and  soft  soil 
behavior. 
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» 


•  Develop  Vehicle,  Terrain,  Driver,  and  Weather  Scenario 
Modeling  Data  Standards 

•  Data  Interoperability  Standards  with  COTS  GIS  mapping 
tools  (e.g.  Open  Geospatial  Consortium  (OGC) ) 

•  High  resolution  satellite  imagery  /  remotely-sensed  GIS  data 
transformed  into  accurate  NRMM  terrain  representations. 

•  Ensure  consistency  of  data  over  the  sliding  scale  of  model 
resolutions 
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MODELING  RNo  SIMULATION,  TESTING  rnd  VALIDATION 


1 .  Steady  State  Cornering  and  Steering  Performance 

(pavement  and  soft  soil) 

2.  Double  Lane  Change  with  Autonomy  (pavement  and 

gravel) 

3.  Side  Slope  Mobility  (pavement  and  soft  soil) 

4.  Grade  climbing  (pavement  and  soft  soil) 

5.  Ride  and  Shock  Quality  (standard  NRMM  definitions  initially) 

6.  Obstacle  Performance  (standard  NRMM  definitions  initially) 

7.  Off-road  Trafficability  (new  soil  strength  metrics) 

8.  Fuel  Economy  (3D  course,  pavement  and  soft  soil) 
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Benchmark  Generic  Vehicle  Models 
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•  Tracked  vehicle  based  on  data  set  from  [Wong,  et  al.,  1984]  with  arbitrary 
assumptions  on  missing  data  for  a  complete  3D  vehicle  dynamic  model 

•  Wheeled  vehicle  model  (TBD)  will  be  a  4x4  with  a  similar  linkage  to  a  real 
vehicle. 


•  Consistent  with  principles  of  open  source  development,  participants  are 
encouraged  to  provide  suggestions  for  improvement  and  expansion  of  the 
benchmarks 
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NG-NRMM  M&S  Capability  Maturity  Levels 

Level  1. 

DEMONSTRATION:  Vendor  demonstration 

Level  2. 

VERIFICATION:  Independent  user  demonstration  and  correlation 
to  vendor  results 

Level  3A. 

CROSS  CODE  VERIFICATION:  Cross  verification  with  another 
accepted  mobility  simulation  code,  or  accepted  physics  principles 

Level  3B. 

PARAMETER  SENSITIVITY  VERIFICATION:  Verification  that 
performance  change  with  a  change  in  system  parameter  is  consistent 
with  theory  and  physics  principles. 

Level  4. 

CALIBRATION:  Calibration  to  a  real  vehicle  test  data  set 

Level  5. 

VALIDATION:  Blind  correlation  to  a  real  vehicle  test  data  set 

Level  6. 

PARAMETER  VARIATION  VALIDATION:  Blind  correlation  to  a 
real  vehicle  test  data  set  with  a  change  in  system  parameter(s). 

The  NG-NRMM  V&V  team  has  established  a  progressive  scale  of  achievement  that  will 
promote  collaboration  and  investment  by  industry  stakeholders. 
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NATO  Research  Task  Group  (RTG-248)  will  carry  forward  six  research 

goals: 

1 .  GIS-Terrain  and  Mobility  Mapping:  Identify  a  GIS-based  mapping  tool 
that  implements  and  integrates  existing  valid  mobility  metrics 
(%NOGO  and  Speed  Made  Good)  in  an  open  architected 
environment. 

2.  Simple  Terramechanics:  Identify  most  promising  existing 
terramechanics  methods  supporting  NG-NRMM  requirements  that 
provides  possible  means  of  correlating  the  requisite  terrain 
characteristics  to  remotely  sensed  GIS  data. 

3.  Complex  Terramechanics:  Establish  a  vision  for  the  long  term 
terramechanics  approaches  that  overcome  the  limitations  of  existing 
models. 
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Path  Forward  (continued) 
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4.  Intelligent  Vehicle  Mobility:  Identify  unique  mobility  metrics  and  M&S 
methods  necessary  for  predictions  supporting  mobility  assessments 
of  intelligent  vehicles  over  a  sliding  scales  of  data  and  control  system 
resolutions. 

5.  Uncertainty  Treatment:  Identify  the  practical  steps  required  to  embed 
stochastic  characteristics  of  vehicle  and  terrain  data  to  extend  and 
refine  the  current  deterministic  mobility  metrics. 

6.  Verification  &  Validation  (V&V):  Implement  near-term  vehicle-terrain 
interaction  benchmarks  for  verification  of  candidate  NG-NRMM  M&S 
software  solutions  and  lay  the  groundwork  for  long  term  validation 
data  through  cooperative  development  with  test  organizations 
standards  committees. 
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Thank  You 


MctiigmCto 
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